The Ω − baryon, composed of three strange quarks, played an important historical role in our understanding of the basic structure of matter. Its discovery in 1964 [1] at a mass predicted from SU(3) symmetry breaking was a great success for the theory [2] . The Ω − b (bss) (charge conjugate states are assumed throughout this Letter) is a predicted heavy cousin of the Ω − with a b quark replacing one of the three strange quarks. While the Ω − has J P = 3/2 + , the ground state Ω − b is expected to have J P = 1/2 + , a mass between 5.94 − 6.12 GeV and a lifetime such that 0.55 < τ (Ω − b )/τ (B 0 ) < 1.10 [3] .
In this Letter, we report the first observation of the Ω TeV with the D0 detector [4] at the Fermilab Tevatron Collider. The detector components most relevant to this analysis are the central tracking system and the muon spectrometer. The central tracking system consists of a silicon microstrip tracker (SMT) and a central fiber tracker (CFT) inside a 2 Tesla superconducting solenoid. The SMT is optimized for tracking and vertexing over the pseudorapidity region |η| < 3 while the CFT has coverage for |η| < 2. A liquid argon and uranium calorimeter provides coverage up to |η| < 4.2. The muon spectrometer covers |η| < 2.
The Ω
and K − in place of π − . Consequently, the reconstruction of the J/ψ and Λ and their selection discussed below follow closely the analysis that led to the first direct observation of the Ξ − b baryon [5] . However, in this analysis we use a multivariate selection for the Ω − owing to the smaller signal to background ratio compared to that for the Ξ − in the Ξ − b analysis. We use the pythia Monte Carlo (MC) program [6] to generate Ω − b and the evtgen program [7] to simulate Ω − b decays. The Ω − b mass and lifetime are set to be 6.052 GeV and 1.54 ps respectively. The generated events are subjected to a geant [8] based D0 detector simulation, and to the same reconstruction and selection programs as the data. We optimize the Ω − selection using MC Ω − b events for the signal and a sample of J/ψ(ΛK + ) data (referred to below as wrong-sign events) for the background, while keeping the J/ψ Ω − data blinded. Once all selection criteria have been determined, we apply them to the J/ψ Ω − data.
We begin the event selection by reconstructing J/ψ → µ + µ − candidates from two oppositely charged muons with transverse momentum (p T ) greater than 1.5 GeV that are compatible with being from a common vertex. Muons are identified by tracks reconstructed in the central tracking system that are matched with either track segments in the muon spectrometer or calorimeter energy deposits consistent with a minimum ionizing particle. Events must have a well-reconstructed pp interaction point that we take to be the Ω − b production vertex and a J/ψ → µ + µ − candidate in the mass window 2.75 < M µµ < 3.40 GeV. Events with J/ψ candidates are reprocessed with a version of the track reconstruction algorithm that increases the efficiency for tracks with low p T and high impact parameters.
We form Λ → pπ − candidates from two oppositely charged particles, each with p T > 0.2 GeV, that are consistent with having originated from a common vertex. The two tracks are required to have a total of no more than two hits in the tracking system before the reconstructed pπ − vertex. The impact parameter significance (the impact parameter with respect to the pp interaction point divided by its uncertainty) must exceed four for at least one of the tracks and three for the other. The track with the higher p T is assumed to be the proton. MC studies show that this assignment leads to the correct combination nearly 100% of the time. Furthermore, we require the Λ transverse decay length to be greater than four times its uncertainty and the proper decay length to exceed ten times its uncertainty, where the transverse decay length is the distance between the production and decay vertices in the transverse plane while the proper decay length is the transverse decay length corrected by the Lorentz boost calculated from p T (Λ). Λ candidates must have reconstructed masses between 1.108 and 1.126 GeV. We combine Λ candidates with negatively charged particles (assumed to be kaons) to form Ω − → ΛK − decay candidates. The Λ and the kaon are required to have a common vertex. The Ω − candidates must have transverse decay length significances greater than four and the uncertainties of the proper decay lengths less than 0.5 cm. These two requirements reduce backgrounds from combinatorics and mismeasured tracks. The Ξ − baryon has a mass of 1.322 GeV [9] and decays into Λπ − . If the kaon mass is assigned to the pion, this decay could be a major background for Ω − → ΛK − . To eliminate this background, we remove candidates with Λπ − mass less than 1.34 GeV. Figure 1(a) shows the mass distribution of the reconstructed Ω − → ΛK − candidates after these selections. The distribution of wrong-sign ΛK + events is also shown. An excess of events above the background around the expected Ω − mass of 1.672 GeV [9] is visible in the distribution of the right-sign ΛK − events. To further enhance the Ω − signal over the combinatorial background, kinematic variables associated with daughter particle momenta, vertices, and track qualities are combined using Boosted Decision Trees (BDT) [10, 11] . The ΛK − mass distribution after the BDT selection is shown in Fig. 1(b) . The BDT selection retains 87% of the Ω − signal while rejecting 89% of the background. The enhanced Ω − mass peak is evident in the distribution. A ΛK − pair is considered to be a Ω − candidate if its mass is in the range of 1.662 − 1.682 GeV.
To select Ω ; therefore, we require the opening angle in the transverse plane between the J/ψ and the Ω − to be less than π/2. We then apply the above selections to the right-sign events in the data to search for the Ω − b baryon in the mass window between 5.6 and 7.0 GeV. This range is chosen since 5.624 GeV is the mass of the lightest b baryon, the Λ b , and the upper limit of 7.0 GeV is nearly 1 GeV higher than the predicted Ω − b mass [3] . We calculate the Ω − b candidate mass using the formula
, and M (ΛK − ) are the reconstructed masses whileM (J/ψ) andM (Ω − ) are taken from Ref. [9] . This calculation improves the mass resolution of the MC Ω − b events from 0.080 GeV to 0.034 GeV. In the mass search window, we observe 79 candidates in the data with the mass distribution shown in Fig. 2(a) . An excess of events near 6.2 GeV is apparent. No such structure, however, is seen in the corresponding mass distribution ( Fig. 2(b) ) of the 30 wrong-sign events.
Assuming the excess is due to the Ω − b production, we fit Ω − b candidate masses with the hypothesis of a Gaussian signal plus a flat background using an unbinned likelihood method. We fix the Gaussian width to 0.034 GeV, the width of the MC Ω Various checks have been performed to ensure that the observed resonance is genuine.
(1) We apply the event selection to data events in the sidebands of the reconstructed Ω − and Λ resonances separately. The J/ψ (pπ − ) K − mass distributions of these sideband events are shown in Figs. 2(c) and 2(d) . No significant excess is present in either distribution. (2) We investigate the possibility of a false signal due to residual b hadron backgrounds by applying the final Ω We compare these measurements to the world average value of the Λ b mass [9] and take the maximum deviation of 0.004 GeV as a systematic uncertainty. Adding in quadrature, we get a total systematic uncertainty of 0.013 GeV to obtain a measured Ω − b mass: 6.165 ± 0.010 (stat.) ± 0.013 (syst.) GeV. Similarly, we estimate the systematic uncertainty on the Ω − b yield by varying the signal and background models in the fit. The observed maximum change of 0.8 is assigned as the systematic uncertainty on the yield: 17.8 ± 4.9 (stat.) ± 0.8 (syst.). In all these studies, the signal significance remains above 5σ. 
to be R = 0.80±0.32 (stat.) [a] Visitor from Augustana College, Sioux Falls, SD, USA.
[b] Visitor from The University of Liverpool, Liverpool, UK.
[c] Visitor from II. Physikalisches Institut, Georg-AugustUniversity, Göttingen, Germany.
